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January 8, 2020 

Bernadette Juarez  
APHIS Deputy Administrator  
Biotechnology Regulatory Services  
4700 River Rd, Unit 98  
Riverdale, MD 20737  

Confidential Business Information Deleted 

Re: Confirmation of Regulatory Status of Multiplex Genome-Edited Camelina Null Segregant Lines 
Developed by CRISPR/Cas Technology   

Dear Ms. Juarez,  

Yield10 Bioscience respectfully requests confirmation from USDA-APHIS’s Biotechnology Regulatory 
Services (BRS) that our genome-edited Camelina sativa (L.) Crantz plant lines developed using the 
CRISPR/Cas9 genome editing technology do not meet the definition of regulated articles under 7 
CFR Part 340 since the final lines do not contain any DNA from a “plant pest”. Camelina sativa is an 
oil seed crop in the family Brassicaceae that is not on the USDA federal noxious weed list. The lines, 
herein referred to as lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-
5007 and 19-5008],  were developed at Metabolix Oilseeds, Inc. (110 Gymnasium Place, Saskatoon, 
SK, S7N 0W9, Canada), a wholly owned Canadian subsidiary of Yield10 Bioscience. We used 
disarmed Agrobacterium tumefaciens to deliver a gene encoding the endonuclease Cas9, as well as 
three cassettes coding each for a different guide RNA to direct the Cas9 enzyme to defined sites in 
the plant genome, into plant cells.  The targeted sites for genome editing were [three biotin 
attachment domain-containing (badc)] genes present in Camelina, [badc1, badc2 and badc3] that 
[lead to inhibition of acetyl-CoA carboxylase and fatty acid biosynthesis (Keereetaweep et al., 
2018)]. The inactivation of the [badc1, badc2 and badc3] genes is thus expected to [increase fatty 
acid synthesis and seed oil content].   

It has been shown previously by other researchers that the Cas9 enzyme produces double strand 
DNA breaks that when repaired, incorporate small deletions or insertions of DNA. DNA sequence 
analysis has shown that lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-
5007 and 19-5008] contain two to twenty-two nucleotide deletions that either disrupt the coding 
sequence of the [badc2, badc3, or both the badc2 and badc3] genes, or that delete one codon from 
the genes.  [Despite attempts to target editing of the badc1 gene with the genetic constructs 
employed, stable lines with edits in badc1 were not recovered]. Please see Table 1 for a summary of 
the nature of edits on [badc2 and badc3] genes.  

As described below, lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-5007 
and 19-5008] are null segregants that were obtained using conventional breeding procedures to 
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remove the genetic sequences that allow the CRISPR/Cas9 editing to take place such that only the 
genome edits (two to twenty-two nucleotide deletions) remain.  Analysis of the bulk parent 
[generation 3] seed of the lines shows that they produce [no or a small increase in seed oil content]. 
In parent line of lines [19-4925 and 19-4931 as well as 19-4935 and 19-4938] edited [only in badc2, 
the individual seed weight is increased]. In the parent line of [19-4925 and 19-4931] the [number of 
seeds per plant is increased] as well which leads to [increased yield and oil production per plant].  

In parent plants of lines [19-4973, 19-5007, and 19-5008] edited in only the [badc3] gene, the 
[individual seed weight is decreased while the percent of oil per seed is increased].  Together with [a 
larger number of seeds produced per plant], this leads to [an increase in oil produced per plant in 
the parent plants of lines 19-5007 and 19-5008].  

In parent plants of [lines 19-4997 and 19-5000] that are edited in [badc3 and partially edited in 
badc2], the [individual seed weight is decreased while the percent of oil per seed is increased].  
Together with [a larger number of seeds produced per plant], this leads to [an increase in oil 
produced per plant in the parent plants of lines 19-4997 and 19-5000].  

Since lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-5007 and 19-5008] 
are null segregants that do not contain any plant pest sequences, and since the two to twenty-two 
nucleotide deletions do not generate a plant pest or pose increased weediness potential, it is our 
opinion that lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-5007 and 
19-5008] do not meet the definition of a regulated article based on 7 CFR Part 340.  We however 
seek confirmation of the regulatory status of lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 
19-4997, 19-5000, 19-5007 and 19-5008] from USDA-APHIS BRS. 

[ 

 badc1 badc2 badc3 
Line ID Ch4 Ch6 Ch9 Ch3 Ch14 Ch17 Ch1 Ch15 Ch19 
19-4925 

WT 

2 
3 WT WT 19-4931 

19-4935 10 19-4938 
19-4973 WT 

4 
22 WT 

19-4997 5 WT 19-5000 
19-5007 WT WT 19-5008 

] 

Table 1. Summary of nucleotide deletions in genes [badc1, badc2 and badc3] in edited Camelina 
lines. Abbreviations are as follows: WT, wild type (no change in nucleotide sequence); Ch, 
chromosome.  Numbers in table designate the size of the deletion in the targeted gene. 
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Intended Phenotype 

The intended phenotype of lines produced from editing of the [badc1, badc2 and badc3 genes is an 
increased amount of oil in Camelina seed] via inactivation of the endogenous [badc1, badc2 and 
badc3] genes that [negatively regulate fatty acid biosynthesis]. Camelina is an allohexaploid and 
contains three subgenomes such that there are three copies, or homeologs, of each gene in the 
plant. Thus complete editing of the [badc1, badc2 and badc3] genes in a plant would contain edits in 
nine genes.  Since homozygous or biallelic edits are needed for stable lines, 18 total editing targets 
would be edited in a completely edited plant.  As depicted in detail in Table 1, we generated two 
lines [19-4997 and 19-5000] that are [partially edited in the two genes badc2 and badc3], such that 
[two of six badc2 and four of six badc3] gene targets are edited. [Four] lines [19-4925, 19-4931, 19-
4935, and 19-4938] bear edits [in four of six of the editing targets of the badc2 gene]. [One] line [19-
4973], bears edits [in four of six of the editing targets of the badc3 gene]. Finally, lines [19-5007 and 
19-5008] show editing in [two of the six badc3 editing targets].  
 
Intended Activity 

Upon confirmation from USDA-APHIS BRS that the [nine] edited Camelina lines are not regulated, 
Yield10 Bioscience intends to import the lines from its subsidiary in Saskatoon, Canada. In addition, 
we plan to conduct field releases and interstate movement of the lines.  

Genetic Change in the Final Product 

The genetic changes are deletions of [two, three, four, five, ten, or twenty-two nucleotides], in 
copies of the [badc2, badc3, or both badc2 and badc3] genes.  The best edited lines, [line 19-4997 
and 19-5000], have homozygous edits in [three genes (6 editing targets for biallelic edits)] in total. 
These edits are indistinguishable from changes that could result from native genome variability, 
conventional breeding, or chemical or radiation-based mutagenesis. 

Development of the Edited Camelina Lines 

The components for the CRISPR/Cas9 genome editing technology, namely an expression cassette for 
the gene encoding the Cas9 endonuclease and three expression cassettes for three guide RNAs to 
target the Cas9 to the desired sites in the Camelina genome, were delivered into the plant cells by 
Agrobacterium-mediated transformation using a binary vector and the floral dip method. 
CRISPR/Cas9 is a bacterial endonuclease. It utilizes a combination of protein-DNA and RNA-DNA 
pairing to direct targeted double strand breaks in the DNA sequence of interest. The guide RNA 
targets Cas9 to the intended site of action. The spacers of the guide RNAs  ([badc1] CsC1-69, [badc2] 
CsC2-33, and [badc3] CsC3-52) were designed to provide sufficient guide RNA specificity (Table 2), to 
generate an edit in all three gene copies (6 editing targets for biallelic edits) of each gene’s 
respective target gene. A detailed list of genetic elements, their origin, and their function is 
presented in Table 2. In short, the T-DNA of binary vector [pMBXS1200] carries five expression 
cassettes: 
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- An expression cassette for the two exons of Cas9 endonuclease from Streptococcus pyogenes 
[codon optimized for expression in Arabidopsis thaliana (Li et al., 2013) with nuclear localization 
sequences]. The expression of the Cas9 gene is controlled by the [hybrid promoter containing the 
core promoter elements from the orthophosphate dikinase gene (C4ppdkZm1) from Zea mays and 
the transcription enhancer from the Cauliflower mosaic virus 35S RNA gene promoter (Sheen et al., 
1990)]. 

- A cassette encoding the guide RNA [badc1] spacer CsC1-69 under control of the polymerase III 
promoter of the U6-26 small nuclear RNA gene from [Arabidopsis thaliana] 

- A cassette encoding the guide RNA [badc2] spacer CsC2-33 under control of the polymerase III 
promoter of the U6-26 small nuclear RNA gene from [Arabidopsis thaliana] 

- A cassette encoding the guide RNA [badc3] spacer CsC3-52 under control of the polymerase III 
promoter of the U6-26 small nuclear RNA gene from [Arabidopsis thaliana] 

- An expression cassette for the [DsRed2B visual] selection marker 

 

 

 

 

 

Table 2. Genetic Elements of [pMBXS1200] used to create lines [19-4925, 19-4931, 19-4935, 19-
4938, 19-4973, 19-4997, 19-5000, 19-5007 and 19-5008]. The vector backbone (region outside of 
the T-DNA) is identical to standard binary vector [pCAMBIA-1300 (GenBank Accession AF234296.1)]. 

 Genetic 
Element 

Source  Function 

Ca
ss

et
te

 1
 

U6-26 
promoter 

[Arabidopsis  
thaliana] 

Polymerase III promoter of the U6-26 small nuclear RNA 
gene to drive transcription of cassette 1 composed of the 
[badc3] CsC3-52 spacer and the guide RNA scaffold which 
together encode the functional chimeric guide RNA  

 [badc3] CsC3-
52 spacer 

Camelina sativa Encodes [a 20 bp ”spacer” fragment with sequence 
specificity to all three badc3 loci: Csa15g020290.1, 
Csa19g022480.1, Csa01g018320.1].  This “spacer” directs 
the Cas9 endonuclease to the [badc3] genes for cleavage 

Guide RNA 
scaffold  
 

Streptococcus 
pyogenes 

Encodes crRNA-tracrRNA fusion transcript that is necessary 
for Cas9 binding.  The [badc3] CsC3-52 spacer and the guide 
RNA scaffold together constitute a functional chimeric 
guide RNA  

U6-26 
terminator 

[Arabidopsis   
thaliana] 

Terminator of U6-26 small nuclear RNA polymerase III to 
terminate transcription of [badc3] CsC3-52 spacer and 
guide RNA scaffold 
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U6-26 
promoter 

[Arabidopsis  
thaliana] 

Polymerase III promoter of the U6-26 small nuclear RNA 
gene to drive transcription of cassette 2 composed of the 
[badc1] CsC1-69 spacer and the guide RNA scaffold which 
together encode the functional chimeric guide RNA  

[badc1] CsC1-
69 

Camelina sativa Encodes [a 20 bp ”spacer” fragment with sequence 
specificity to all three badc1 loci: Csa04g042500.1, 
Csa06g030800.1, Csa09g068300.1].  This “spacer” directs 
the Cas9 endonuclease to the [badc1] genes for cleavage 

Guide RNA 
scaffold  
 

Streptococcus 
pyogenes 

Encodes crRNA-tracrRNA fusion transcript that is necessary 
for Cas9 binding.  The [badc1] CsC1-69 spacer and the guide 
RNA scaffold together constitute a functional chimeric 
guide RNA  

U6-26 
terminator 

[Arabidopsis   
thaliana] 

Terminator of U6-26 small nuclear RNA polymerase III to 
terminate transcription of [badc1] CsC1-69 spacer and 
guide RNA scaffold 

Ca
ss

et
te

 3
 

U6-26 
promoter 

[Arabidopsis  
thaliana] 

Polymerase III promoter of the U6-26 small nuclear RNA 
gene to drive transcription of cassette 3 composed of the 
[badc2] CsC2-33 spacer and the guide RNA scaffold which 
together encode the functional chimeric guide RNA  

[badc2] CsC2-
33 spacer 

Camelina sativa Encodes [a 20 bp ”spacer” fragment with sequence 
specificity to all three badc2 loci: Csa17g092720.1, 
Csa14g061920.1, Csa03g059640.1].  This “spacer” directs 
the Cas9 endonuclease to the [badc2] genes for cleavage 

Guide RNA 
scaffold  
 

Streptococcus 
pyogenes 

Encodes crRNA-tracrRNA fusion transcript that is necessary 
for Cas9 binding.  The [badc2] CsC2-33 spacer and the guide 
RNA scaffold together constitute a functional chimeric 
guide RNA  

U6-26 
terminator 

[Arabidopsis   
thaliana] 

Terminator of U6-26 small nuclear RNA polymerase III to 
terminate transcription of [badc2] CsC2-33 spacer and 
guide RNA scaffold 
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ss
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te

 4
 

[35S:c4ppdk] 
promoter  

[Zea mays, 
Cauliflower mosaic 
caulimovirus] 
 

[Hybrid promoter containing the core promoter elements 
from the orthophosphate dikinase (C4ppdkZm1) gene and 
the transcription enhancer from the Cauliflower mosaic virus 
35S RNA gene promoter (Sheen et al., 1990)], controls 
expression of the Cas9 coding sequence 

[2X FLAG]  [artificial design 
(Hopp et al., 1988)] 

[Double FLAG polypeptide protein tag] 

[NLS-5’]  [Simian vacuolating 
virus 40 TAg] 

[Nuclear localization sequence of the large T antigen that 
directs nuclear localization of the Cas9 protein in the cell] 

[pcoCas9-5']  Streptococcus 
pyogenes 

Exon 1 of Cas9 endonuclease [codon optimized for 
expression in Arabidopsis thaliana (Li et al., 2013)] 

[IV2]  
 

Solanum tuberosum [Second intron (IV2) of the nuclear photosynthetic gene ST-
LS1 from Solanum tuberosum (Vancanneyt et al., 1990)] to 
optimize Cas9 expression in plants 

[pcoCas9-3']  Streptococcus 
pyogenes 

Exon 2 of Cas9 endonuclease [codon optimized for 
expression in Arabidopsis thaliana (Li et al., 2013)] 

[NLS-3’]  [Xenopus laevis] [Nuclear localization sequence of nucleoplasmin, a protein 
involved in chromatin assembly and histone storage 
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(Dingwall et al., 1988), directs nuclear localization of the 
Cas9 protein in the cell]  

[nos] 
terminator 

[Agrobacterium 
tumefaciens] 

Terminator of the [nopaline synthase gene] to terminate 
transcription of Cas9 

Ca
ss

et
te

 5
 

[35S] 
promoter  

[cauliflower mosaic 
caulimovirus] 

[Enhanced 35S] promoter, drives expression of the  
[DsRed2B visual] selection marker 

[DsRed2B 
visual]  
selection 
marker 

[Discosoma sp.] [Modified red fluorescent protein. The sequence of this 
protein is similar to the DsRed2-1 sold by Clontech with the 
exception that eleven amino acids have been added to the 
C-terminus to increase solubility and/or prevent aggregation 
of the protein. This gene expresses a protein that can be 
visualized under green light with a red filter allowing 
identification of transformed seeds (Malik et al., 2015).]  

[35S poly A] 
terminator  

[cauliflower mosaic 
caulimovirus] 

Terminator of the [35S RNA] gene to terminate transcription 
of the [DsRed2B visual] selection marker 

 T-DNA Left 
Border 

Agrobacterium 
tumefaciens Ti 
plasmid 

Left border of the T-DNA, required for transfer of the T-
DNA into the plant cell genome 

 aphAIII  Escherichia coli K-12 Bacterial kanamycin resistance marker, provides kanamycin 
resistance for plasmid maintenance in E. coli 

 pBR322 ori Escherichia coli K-12 Bacterial origin of replication from plasmid pMB1, used for 
plasmid maintenance in E. coli 

 pVS1 rep Pseudomonas 
aeruginosa pVS1 

Replication protein from plasmid pVS1, used for plasmid 
replication in Agrobacterium 

 pVS1 sta Pseudomonas 
aeruginosa pVS1 

Stability protein from plasmid pVS1, used for plasmid 
stability in Agrobacterium 

 T-DNA Right 
Border 

Agrobacterium 
tumefaciens Ti 
plasmid 

Right border of the T-DNA, required for transfer of the T-
DNA into the plant cell genome 

 

The binary vector backbone is identical to the standard binary vector [pCAMBIA-1300 (Genbank 
accession number AF234296.1)] and includes both T-DNA borders. 

The next step comprised [an initial visual screening of the resulting T1 seeds of “floral dipped” plants 
for expression of the red fluorescent protein from Discosoma sp. (DsRed)], indicating the presence 
of the T-DNA containing the Cas9 expression and guide RNA expression cassettes.  T1 generation 
seeds were planted in soil and leaf tissue was screened for genome editing by Amplicon sequencing. 
Plants containing genome edits in the [badc1, badc2 and badc3] loci were isolated.  T1 plants were 
grown and second-generation seed was isolated and screened for [the absence of the DsRed visual 
marker (DsRed-) indicating removal of the T-DNA via segregation].  The [DsRed-] second generation 

seeds were further advanced through two additional generations to generate generation four and 
generation five seeds [which were analyzed for seed oil content and seed weight]. 

Additional analysis of the null segregant plant lines included Amplicon sequencing of all nine genes 
(18 biallelic editing targets) for [badc1, badc2 and badc3] to determine the nature of the editing.  A 
summary of lines is shown below with more specific details in Table 1. 
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a) Lines [19-4925 and 19-4931]  

- carry a [deletion of two or three nucleotides in two of the three genes (four biallelic editing 
targets) of badc2 that are completely edited within the detection limits of Amplicon sequencing].  

- The remaining [third gene of badc2] as well as [all six badc1 and badc3 genes contain wild 
type sequences]. 

b) Lines [19-4935 and 19-4938] 

 -  carry a [deletion of ten or three nucleotides in two of the three genes (four biallelic editing 
targets) of badc2 that are completely edited within the detection limits of Amplicon sequencing].  

- The remaining [third gene of badc2] as well as [all six badc1 and badc3 genes contain wild 
type sequences]. 

c) Line [19-4973]  

- carries a [deletion of four or twenty-two nucleotides in two of the three genes (four biallelic 
editing targets) of badc3 that are completely edited within the detection limits of Amplicon 
sequencing].  

- The remaining [third gene of badc3] as well as [all six badc1 and badc2 genes contain wild 
type sequences]. 

d) Lines [19-4997 and 19-5000]  

- carry a [deletion of four or twenty-two nucleotides in two of the three genes (four biallelic 
editing targets) of badc3] and a [deletion of five nucleotides in one of the three genes (two biallelic 
editing targets) of badc2 that are completely edited within the detection limits of Amplicon 
sequencing].  

- The remaining [third gene of badc3], [two genes of badc2] as well as [all three badc1 genes 
contain wild type sequences]. 

e) Lines [19-5007 and 19-5008]  

- carry a [deletion of twenty-two nucleotides in one of the three genes (two biallelic editing 
targets) of badc3 that are completely edited within the detection limits of Amplicon sequencing].  

- The [other two genes of badc3] as well as [all six badc1 and badc2 genes contain wild type 
sequences]. 

Detailed PCR analysis was also performed using 16 primer pairs targeting multiple regions of the T-
DNA insert, the vector backbone, as well as a couple of endogenous Camelina wild type control 
genes.  No evidence of any T-DNA or plant vector backbone was detected in lines [19-4925, 19-4931, 
19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-5007 and 19-5008]. Please find supporting data at 
the end of this document. 
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Former USDA-APHIS Jurisdiction on CRISPR/Cas9 Genome Editing 
In its responses to previous letters (listed below) USDA-APHIS has concluded that there is no reason 
to believe that targeted mutations generated by the gene editing process of Cas9 endonucleases 
would generate plant pests.  
 

Reference Date Species 
Firko to Dupont Pioneer January 12, 2018 Zea mays - corn 
Firko to USDA ARS October 16, 2017 Glycine max - soybean 
Firko to Yield10 Bioscience August 29, 2017 Camelina sativa 
Firko to Danforth Center April 7, 2017 Setaria viridis  
Firko to DuPont Pioneer April 18, 2016 Zea mays - corn 
Firko to Penn State University April 13, 2016 Agaricus bisporus – white button 

mushroom 
 
No Plant Pest Sequences Remain in the Edited Camelina Line 
 
The edited Camelina lines were generated through expression of the Cas9 cassette. The [35S 
promoter and terminator], pVS1, T-DNA borders and [nos] terminator are derived from plant pest 
sequences ([cauliflower mosaic caulimovirus], Pseudomonas aeruginosa, [Agrobacterium 
tumefaciens]) (Table 2) as designated in 7 CFR 340.2. However, these sequences are not involved in 
pathogenicity and do not express proteins that would result in infection or pathogenicity of the 
edited Camelina line. Importantly, the final edited Camelina lines [19-4925, 19-4931, 19-4935, 19-
4938, 19-4973, 19-4997, 19-5000, 19-5007 and 19-5008], are null segregants and do not contain 
these plant pest sequences but retain the desired edits. 
 
USDA-APHIS has previously made the determination that genetically modified plants transformed 
with Cas9 via Agrobacterium-mediated transformation are not regulated articles if it was 
experimentally shown that the Cas9-bearing T-DNA was segregated away from the targeted 
mutation through conventional breeding and produced progeny without the inserted DNA (see 
USDA response letters below). 
  

Reference Date Species 
Firko to University of Minnesota June 17, 2019 Glycine max - soybean 
Firko to University of Minnesota June 17, 2019 Glycine max - soybean 
Firko to Illinois State University April 19, 2019 Thlaspi arvense L. - pennycress 
Firko to Max Planck Institute February 25, 2019 Nicotiana attenuata – coyote 

tobacco 
Firko to Intrexon Corporation February 8, 2019 Lactuca sativa -lettuce 
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Firko to Yield10 Bioscience September 7, 2018 Camelina sativa 
Firko to Illinois State University August 6, 2018 Thlaspi arvense L. - pennycress 
Firko to Iowa State University July 12, 2018 Zea mays -maize 
Firko to University of Florida May 14, 2018 Solanum lycopersicum - 

tomato 
Firko to USDA ARS October 16, 2017 Glycine max - soybean 
Firko to Yield10 Bioscience August 29, 2017 Camelina sativa 
Firko to Danforth Center April 7, 2017 Setaria viridis  

 
In addition, USDA-APHIS has previously determined that other null segregants originally generated 
via Agrobacterium-mediated transformation are not regulated articles: 
 

Reference Date Species 
Firko to North Carolina State 
University 

December 29, 2017 Nicotiana tabacum - tobacco 

Firko to Epicrop technologies April 7, 2017 Glycine max - soybean  
Firko to Iowa State University May 22, 2015 Oryza sativa – rice 
Gregoire to University of Nebraska June 6, 2012 Sorghum bicolor 

 
The parent lines of lines [19-4925, 19-4931, 19-4935, 19-4938, 19-4973, 19-4997, 19-5000, 19-5007 
and 19-5008] of our current inquiry were developed using a similar method as described in our 
former letter of inquiry for the development of the genome-edited Camelina null segregant line [17-
0607] from June 12, 2017, as well as described in our former letter of inquiry for the development of 
the null segregants of genome-edited lines containing multiple edits [lines 17-3902, 17-3904, 17-
3909, 17-3911, 17-3914 and 17-3919]  from May 22, 2018 . In Dr. Firko’s response letters dated 
August 29, 2017 and September 7, 2018, USDA APHIS considered these lines not regulated pursuant 
to 7 CFR part 340.  
 
USDA-APHIS has previously determined that plants edited in two or more genes are not regulated 
articles if it was experimentally shown that the genetic material used to create the edits was 
removed by segregation: 
 

Reference Date Species 
Firko to Illinois State University April 19, 2019 Thlaspi arvense L. - 

pennycress 
Firko to Max Planck Institute February 25, 2019 Nicotiana attenuata – coyote 

tobacco 
Firko to Yield10 Bioscience September 7, 2018 Camelina sativa 
Firko to USDA-ARS October 16, 2017 Glycine max - soybean 
Firko to Iowa State University May 22, 2015 Oryza sativa - rice 
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Supporting Data 
 
1.  Map of transformation vector showing primer binding sites. 
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2. Description of primers used for screening of null segregants and expected amplicons 

Gel lane Primer 1 
(bases where primer 

binds in vector 
[pMBXS1200]) 

Primer 2 
(bases where primer 

binds in vector 
[pMBXS1200]) 

Genetic 
Fragments in 

Expected 
Amplicon 

Expected Amplicon 
Size (bp) 

[  1 P600 P601 Endogenous 
Actin control 

400 

2 P239 P240 Endogenous 
NCED6 control 

105 

3 P1381 
(671-691) 

P1382 
(1407-1426) 

gRNA scaffold 
U6-26t 
U6-26p 

CsC1-69 gRNA 

756 

4 P1383 
(2143-2162) 

P1384 
(2853-2872) 

gRNA scaffold 
U6-26t 

35S:c4ppdk 

730 

5 P960 
(3058-3079) 

P961 
(4539-4556) 

NLS-5’ 
pcoCas9-5’ exon 

1499 

6 P962 
(4757-4776) 

P963 
(5941-5960) 

5’ end of 
pcoCas9-3' exon 

1204 

7 P964 
(6012-6031) 

P965 
(7186-7205) 

3’ end of 
pcoCas9-3' exon 

1194 

8 P966 
(7207-7226) 

P967 
(7681-7697) 

NLS-3’ 
nos 

491 

9 P968 
(7810-7827) 

P969 
(8785-8802) 

35S 993 

10 P970 
(9471-9489) 

P971 
(9751-9722) 

35S polyA 
T-DNA LB 

302 

11 P980 
 (11149-11166) 

P981 
(11631-11648) 

pBR322 ori 500 

12 P972 
(12195-12212) 

P973 
(13206-13225) 

pVS1 rep 1031 

13 P974 
(13227-13244) 

P975 
(13414-13432) 

Vector backbone 
sequence 

206 

14 P984 
(13967-13985) 

P985 
(14840-14856) 

pVS1 sta 890 

15 P978 
(16024-16043) 

P979 
(175-193) 

Vector backbone 
sequence 

237 

16 P982 
(10267-10287) 

P983 
(10814-10834) 

aphAIII 568 
                             ] 
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